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FLIGHT T^TS OP VARIOUS TAIL MODIFICATIONS OK 

THE BMMMUH XSBA-1 AIRFIAIJS 
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,   .  . T.ATL .CQ?n?iauRATio;r NU/TCR TWO 

\      By'w«  Bt  PhilUps  ana K«  L. Ci-rne 

XHTROPUOTXOH 

At the request of the Bureau of Aeronautics, Ilnvy 
Department, a series of teats on the Brewster .\SBA-1 
airplane is being conducted, to determine the effects of 
various tail modifications.   The Modifications are to 
include (1) variation of the chord of the elevator and 
rudder while the t.otul sirea of the surfaces is kent 
constant and (Ü) variations of the total area of the 
vertical tail surface.  A report has bren published 
(reference 1) on the flying qualities of the airplane 
with the original tail surfaces.  The present report 
compares the results obtained from tests of the handling 
qualities of the airplane with the first set of modi- 
flfd tail surfaces to the handling qualities rcith the 
original tail.   Only those handling qualities affected 
by the modification of the tail are considered.  For 
convenience in this and subsequent papers, the original 
tail surfaces of reference 1 are hereafter called tail 
configuration number one.  All tests v.-ere made at the 
Langley Memorial Aeronautical Laboratory betreen 
October 1941 and May 1942. 

TAIL-37RFACE MODIFICATIONS 

The second tail configuration differed from the 
first in that the horn balances were removed so that 
the rudder and elevator were no longer aefodynamically 
balanced.  The modified control surfaces were mass 
balancod by means of load weights mounted on the 
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forward end of loops which passed through cut-outs in the 
fixed surfaces.   The areas of tail configuration num- 
ber two followt 

Pin area (above fuselage, ahead of hinge line), 
sq ft  12.k 

Rudder area (behind hinge line), r'l ft  13.6 
Rudder trimming-tab area, sq ft  0.9 
Stabilizer area (ahead of hinge line, Including 

contained fuselage area), sq ft  53«3 
Elevator area (behind hinge line), sq ft    27.9 
Elevator trimming-tab area (not chanced), sq ft • . 1.7 

On tail configuration number one, the rudder horn- 
balance area was 1.5 square feet and the elevator horn- 
balance area was 2.7 square feet.  There was no trimming 
tab on the rudder. 

Drawings of the tail surfaces are given in fig- 
ures 5 through 3. 

The relation between control-stick position and 
elevator deflection Is shown in figure"9. 

A description of the airplane is given in refer- 
ence 1, 

AIRSPEED CALIBRATION 

The airspeed recorder used for these tests was 
calibrated by the use of a trailing airspeed bomb. 

TESTS, RKS0LT3, AND ! .3CTI33I0N 

All of the measurements of flying qualities were 
made with the center of gravity located at 25.5 percent 
of the mean aerodynamic chord with full service load. 
In this condition the airplane weighed 5770 pounds or 
the wing loading was 22.Ij. pounds per square foot.  Re- 
tracting the landing gear had no effect on the hori- 
zontal location of the center of gravity and the effect 
of fuel consumption on the center-of-gravity position 
was sufficiently small to be ignored. 
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UOmtTWISAL STABILITY Arn TOOTROL 

t; Characteristics of ancontr-.)] led  lon.^lt udtnal ryjtion.- 
The decree of dmapiiig ^7  the  short-pe-ion oscillation was 
deterr.in9d by deflecting  the  elevator and quici-cl;' re- 
leasing It in high-sjjeed  flight,       '..'ith both  tail  con- 
figurations,   the  subsequent variation of normal accelera- 
tion and elevator angle had completely diaeppoorcd after 
one  cycle.       This  3utisf*ied t.ie requirement  stuted in 
reference 2. 

The long-neriod (phugnld) oscillation w;i3 not  inves- 
tigated. 

Character'.stirs of elevator control  in  ate-ady flight.- 
The characteristic!  ->/1 t:.<- elevator control of the ;.SBA-1 
airplane ir. steady flight wero Measured by recording the 
elevator positions aiid  forces required 'or trin at 
various airspeeds and trii.arlng-tab settings•      These meas- 
urements wer? riadn  .'.n the  following conditions of flight» 

Plight 
condition 

'an! fold nro3.T.ire 
at (,000  ft 
(in. Eg) 

Propeller 
•peed 

Map 
)i.",itlon 

Landing- 
gear 

ponition 

Cruising 
Cllr.bing 
Gliding 
Landing 
Approach 
U'ave-off 

25 
J2 

Throttle closed 
Throttle closed 

13 
«1 

l8r • 
l&J 

1J00 
2100 

Tin 
up 
Up 
Down 

h'felf dam 
Down 

Dp 
t'P 
Up 
Down 
Down 
Down 

Conclusions resohed regarding the elevator control 
charactei'istics may be 3tin:iarized f.s follows} 

la  In all of the conditions of flight, at low 
sneeds, stlck-flxed static stability existed for  the 
airplane wltli tail configuration number two as shown by 
the negative slopes of the curves of elevator angle 
against airspeed in figures 10 through 13«  The sta- 
bility was grfiateit in the landing arvl gliding condi- 
tions, less in the cruising and climbing conditions, 
snail la the approach condition, and Just above neutral 



in the wave-off condition.  At higher speeds th" rta- 
billty becane approximately reutrai in the flaps-up 
conditions.  Figure 14 alco piv« s an indication of the 
stick-fixed static stability in the gliding, cruising, 
and clir.blnp conditions of flipht showing neutral sta- 
bility in the clir.-.blnp, condition at lor an/ Its of at- 
tack. 

Comparison with the results j;ivon for tbe airplane 
With tail configuration number one in reference 1 snowed 
little difference in the stick-fixed static stability as 
obtained with the two tail conflp' -J't't; ons.  Since the 
elevator area war chanped only slightly by removal of 
the horn balance, no appreciable change in sticl:-fixed 
stability was to be expected.  However, with the first 
tail confiruration the airplane was slightly stable in 
any condition at the upper end of the speed ran(;e. 

S3. For the airplane «lth tall configuration num- 
ber two, the slope of the curves of stick force apainst 
airspeed, also f'irures 10 through 13, is negative at the 
speed at which the airplane was trinnec in tbe gliding, 
cruisinp, climbing, arc" landin;; conditions.  This char- 
acteristic assures sc?ck-l'ree static stability of the 
airplane in the gliding and landing conditions.  How- 
ever, the slopes of the curves it  stick force arainst 
airspeed for the cruising and climbing conditions re- 
versed between 30 and 130 miles per hour so that, 
although the airplane was stable stick free for trln 
speeds near 200 niles per hour, the stability would 
have been neutral or slightly negative for trln speeds 
below apnroxJmate.lv 140 niles per hour.  In the ap- 
proacb and v.avo-off conditions with the second tail 
configuration, the slope of the curves of stick force 
aeainft airspeed is about zero.       Since on the JZSBA-l 
airplane the force change produced by the trirmui^.tub 
increases with airspeed, it is believed that the air- 
plane would have been unstable if trimmed to zero stick 
forcu in the wave-off condition. 

With tail configuration nuril r oi.e, the curves of 
stiel- force, against airspeed for the cruising, climbing, 
and glidinp conditions were on the verge of reversing; 
between 90 and 120 miles yirr  hour.  The characteristic 
shape of the curves of force variation for several 
flight conditions with either tail configuration is 
believed to have been caused by nonlinear hinge-moment 



proporties of the elevator ar.d by the influence of the 
wing wake at the tail. 

A ruinnary of the rtiok-froe static-stability char- 
acteristics with the two seta of tail surfaces follows: 

• 

Condition Tail configurationiTall configuration 
n'jifrer one                    nurioor  two 

Cruising 
Climbing 
(Sliding 
Approach 
Landing 
Wave-off 

3 table 

—-—----—£•3.-----—— 

Neutral 
Do. 

Stable 
Neutral 
Stable 
Unstable 

3. For the airplane with tell conflguratlon nun- 
ber two, the- elevator control force v.as sufficiently 
lar^e oonparad to the friction to roturn t) e ooi.trol 
to its trir. positljn in the glldln? and lai.dliie con- 
ditions.  In the other conditions the elevator control- 
force gradient was about zero for pa?'t or nil of tno 
speed range for sono tri:i speedlii  Therefore, in the 
cruising, climbing, «rave-Off, and approach condition.", 
the airplane vith tail nuriber two did not r.ect the re- 
quirements of reference 2.  V.'ith the first tail con- 
figuration, it was possible to tr' i In all conditions. 

4. V.'ith either tall configuration, the elevator 
angles required for trin were veil within the available 
range in all conditions tested. 

Character*stlc- of elevator control! in accelerated 
flight.- The characteristics o"i' th^ elevator control Tn 
accelerated flight wert determined from neasurerent3 
taken in abrupt pull-ucs and push-downs from level 
flight and in* rapid lE'ü° turns.  The rerults of the 
pull-ups and push-downs with tall configuration num- 
ber two are presented in figures 15 end 1C.  Tire 
histories of representative turns are presented in fig- 
ures 17 through 20.   Figure £2 shors the variation of 
elevator argli with lift coefficient in 100° turns. 
The results of the test", pertaining to elevator control 
in accelerated flight nay be, sutma^ized as follows: 
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1. Tor the airplane with either tail configuration, 
the elevator control v:aa sufficie- tly j'Owerfi'l to develop 
either the r.wxlnur. lift eoefficif .t or the allowable load 
factor et every airspeed. Th'.3 fact vtus evident in pull- 
ups nude at varloup airppoeds. 

2. 771th both tails- the normal acceleration was ob- 
served to increase progress?vely with elevator angle *t 
any given airspeed. 

E.  St?ck notion of 4.G Inches from the trim posi- 
tion produced n ."tall with tail configuration number one. 
N6 records of a ."tall in a turn »Jire ot talnc-d with the 
second tall oonflruration, hut figure 16 if a tine 
history of a turn in wV.ich r normal acceleration of 4g 
was reached which required an elevator deflection of 11° 
from the trim position.   This correspond" to a ptiek 
travel of 4.2 inches find hence meat! the requirement of 
reference 8« 

4. The variation of ptick •'orce with normal accel- 
eration In IPO  turnn with tail configuration number two 
is plotted in figure 21.   Change. In normal acceleration 
was proportional to the elevator control force applied 
with either tail. 

5. An averare force of about 30 pounds per g v'aa 

required to make a highly accelerated turn with tail 
configuration number one.   Thin wan reduced to 27 pounds 
per g with the second tail configuration.  Hovrever, 
the force pev    g was excersive 1'. either cese an about 
15 pounds per g  is a reasonable limit of stick-force 
gradient for a scout bomber such as the X33A-1 airplane. 

Characteristics of elevator control in landlnr«- 
V.'lth both elevators the sane up-elevalor deflection und 
the same force v/us required to lar.d.   The elevator con- 
trol was sufficiently powerful to hold the airplane off 
the ground until three-point contact was made.   The 
average of records taken of several landings showed 
that £1° of up-elevator deflection was required to make 
a three-point landing.   This was the pane up the amount 
of up-elevator deflection required to Italia  Usually 
about 10° more elevator deflection Is required to land 
a low-winr; nirplar«» then to stall it In the landing con- 
dition at altitude.   Tor tr.e X3BA>1 airplane, it is 
believed that the separation of the flow from the wing 
root in a stall reduced the downvash at the tail as the 
stall was approached, lust as the ground effect reduces 
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the downwash at *he tail w'ier the« airplane la  land- 
ing. 

"he elevator control fore; required  to raicc a 
landing war About 41 pounds with either tall.  This 
exceed« by 6 pounds tl. • upner Unit recommended in 
reference 2. 

Chnrnotrrlstlc of elevator cor.trpl in take-off.- 
With either tall the ejevntor VV/IP adequate to adjust 
the attitude ancle as desired during take-off. 

Trim changer J'ie to jiowrr gn<" 
change caused by lowering Uü 

 t'lo'-a.- The trim 
fitq.3 was In the direc- 

tion tending to cause the alrpli.ne to nose up. 
Lowering the landing gear Oftused tho airplr.ne to nose 
down.  A push force of IS  pounds with tail configura- 
tion number one or 9 pound.- with tall configuration 
number ttvo was required to maintain trim if the flaps 
and landing gear were lowered with the power off at 
120 miles per  hour.  This trim change is in the op- 
posite direction to that usually considered desirable. 
Application o"  power rlth flaps an*1 landing gear up 
produced a slight noaing-up tendency.  With flaps and 
landing rear down, thi B tendency was Increased so that 
a push force of 13 pound.i with tall configuration num- 
ber one, but only 10 pounds *vlth tail number two, wae 
required to maintain trim at 120 miles per  hour.  The 
stick-force change at tViis speed in going from the 
flnps-up power-off condition to thn flans-down full- 
po'ver condition was about ?3 pounds with configuration 
number one, which exceeds the upper limit of 35 pounds 
recommended in reference 2, but was only 20 pounds with 
configuration numb-r t' >. 

Cha^sctcr'stics of lorgltudlnnl trlrnTlng rievtec.- 
The trlmning-tnb setting required '.n the various flifht 
conditions to trim at zero stick force with tail con- 
figuration number two in plotted in figures 10 through 
13.  With either tail configuration the trimming tabs 
were sufficiently powerful to reduce- the stiel: force to 
zero at any point in the speed ran^o in the porer-on 
conditions of flight.  In tne powe.r-off conditions, 
the airplane could be trimmed at all speeds in the 
ran^e mo"e than 10 Miles per hour above the stall with 
the number one tail.  Due to the decreased travel of 
the tab on the number two elevator, the minimum spend 
for trim ras about 20 miles per hour above the stall 



in the landing and gliding condition*.  Unless changed 
manually, the trimming tab3 in both the elevatoro re- 
tained a giver, settinc indefinitely. 

LAZZML  STABILITY A:Z>  CONTROL 

Chnracterl3l?c3 of uncontrolled Tateril and direc- 
tional rot'"ör.- HS control-free lateral o.-sclllation v;ith 
tall configuration number two dar..ped to one-half ampli- 
tude in ab:>ut one-half cycle, a« shown in figure 23, 
satisfying the requirement of reference 2.  The rate of 
damping :/?crec.3ed very slightly witn »teed.  Vith tall 
configuration nur.iber one, the number of cycles required 
to damp to one-half amplitude increased fron one-half to 
one and one-half with airspeed.  The period of the 
oscillation was half ardn BE long With the secord tu! 1 
conflgvration as with ' '-.e first.  The relation of yaw 
angle to rudder angle -ihowed that rudder nunber tv;o 
floated with the relative wind and that rudder number one 
floated against the relative wind, a3 would be expected 
with a horn balance.  This explains why the period of 
lateral oscillation wan lorrer hr.d the damping more 
rapid v.'ith tail configuration number two. 

Rudder control characteristics.- The rudder control 
eharacterirtics were measured fri sfeudy flight, in aide- 
slip-', and in abrupt rudder kicks.  In the rudder-kick 
maneuvers, records wore taken of rudder position, rudder 
force, rolling velocity, sideslip angle, arid normal ac- • 
celeration resulting fron abrupt deflections of the 
rudder In steady flight while the other controlr were 
held fixed.  The results of the sideslips are shown in 
figures 24 through 31.  The results of the rudder kicks 
are shown in flpi'-'res 32 through 34. 

The results may be summarised as follows: 

1.  Both rudder nu-iber one and rudder number two were 
powerful enough to overcome the adverse aileron yawing 
moment in all conditions tested. 

2. Either rudder was sufficiently powerful to main- 
tain directional control during take-off and landing. 

3. Figure 3E she- •<  that rudder number two was suf- 
ficiently powerful to rim the airplane at all airspeeds 
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above the r.iJninun for eeeh condition tested, 
number one also catlsfled this requirement. 

Rudder 

4. The effec-tlvereso of the rudder in recovery fron 
spinn was not Investigated. 

5. The rudder control force was rroportlonol to 
rudder deflection with either tail configuration.  Right- 
rudder force was required to hold r*f-*ht-rudder deflec- 
tions and left-rudder force, to hold left-rudder deflec- 
tions. 

6. Rudder number two was about 2? percent lighter 
than rudder nunber one in Eldoslips,  With either rudder, 
the force required to overcome tre yawing moment due to 
full aileron deflection was about 100 pounds.  The trim 
changes caused by decreasing airspeed were not excessive. 
Complete data were not obtained, but the lurgest recorded 
trimming force was 76 pounc!3 for rudder number two in 
the wave-off condition at 56 miles per hour.   In all 
cases, with either rudder, the forces required v/ere below 
the 180 pound limit recommended in reference 2. 

Yawing monc-nt due to sideslip.- Characteristics of 
the yawinG moment due to sideslip vrere found to be as 
follows: 

1. With rudder locked, ut 110 percent of the mini- 
mum speed the maximum change in siderlip angle developed 
as a result of full aileron deflection was about 20 , 
which is the Maximum allowable under the requirement of 
reference 2. 

2. With either rudder, the yaring moment due to 
sideslip was such that the rudder movement required was 
in the correct direction from the trim position; that 
is, right rudder produced left sideslip and left rudder 
produced right sideslip.  For angles of sideslip between 
±15 , the angle of sidnlip was substantially proportional 
to rudder deflection t .r  either rudder. 

3. The yawing moment due to sideslip (rudder free) 
with either tail configuration was such that the airplane 
always tended to return to tho trir.i condition regardless 
of the angle of sideslip to which it was forced. 

Pitching moment due to sideslip.- With both the 
number one and the number two tails, the curves of ele- 
vator angle acainst anrle of sldesiln show *-bnt *-b» 
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pitching nonent due to sideslip was small.   A maximum 
of In of up-elevator deflection wa3 required to main- 
tain longitudinal trim for steady sidesllpproduced by 
5 of rudder deflection.   Tt siiould be noted in Inter- 
preting the curves of engle of sideslip for a Riven 
airspeed that there nay be some error In the Indicated 
airspeed due to the angle of yaw of the pitot static 
head which was only permitted to swivel vertically. 

Power of rudder trlinnlr.r device.- There was no 
trironing tab on the nu- )er one rudder,  "he trimming 
tab on the number two rudder was sufficiently powerful 
to reduce the rudder forces to zero Jn all conditions 
of level flight.  TInless changed manually, the trim- 
ming tab would retain a given setting Indefinitely. 

CONCLUSIONS 

The comparison of the handling qualities of the 
Brewster XSBA-1 airplane with tail configurations 
number one and number two may be summarised as follows: 

1. The X3BA-1 airplane with tail configuration 
number two had stick-fixed static longitudinal stability 
in all conditions at low speeds and approached neutral 
stability at higher speeds except in the landing and 
approach conditions of flight.  Tail configuration 
number one produced stick-fixed stability in all con- 
ditions throughout the speed range.  The stability was 
not large at higher speeds. 

2. The airplane with the second tail configura- 
tion had stick-free static longitudinal stability In 
the gliding and landing conditions.  The stability was 
neutral in the cruising, climbing, and approach condi- 
tions and sll»£itly negative in the wave-off condition. 
With the first tail corfiguration, stick-free static 
longitudinal stability existed in all conditions and, in 
the approach and wave-off conditions, the curves of 
elevator control force against Indicated airspeed had a 
steep negative slope. 

3. Tail configuration number two reduced the 
average olevator control-force gradient from SO to 
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27 pounds per g.  Thlr value still fer exceeds the 
mexinum gradient of 15 pounrtr per a,    that Is con- 
sidered reasonable for scout bombers. 

4« The stick travel required to stall In maneuvers 
was desirably large. It vua about 4.6 Inches with tall 
configuration nur.ber one and approximately the same with 
tall configuration number two. 

S. Y/lth the first tail configuration, trim changes 
caused by application of power or lowering the flaps 
were large end caused a nosing-up tendency.  With tail 
configuration number two, these trlr;i cV.an^es wert re- 
duced about 50 percent   The stick-force change at 
120 miles per hour In , aing from the flaps-up power-off 
condition to the flaps-down full-power condition was 
28 pounds v/ith the tall configuration number one but was 
reduced to 20 pounds with tall configuration number two, 
which was well below the reconmfnded maxinur. of 35 pounds. 

6. V.'lth either tall the directlor.nl stability was 
sufficiently large to limit the yaw caused by full de- 
flection of the ailerons with the rudder fixed to 20° at 
low flying speeds.  The pitching moment due to sideslip 
was desirably small in all flight conditions. 

7. The rudder control with either rudder was suf- 
ficiently effective to maintain straight flight at mini- 
mum •9«M in all flight conditions.  Either rudder v.as 
po'str'-t enough to overcome aileron yaw in all conditions. 
The rudder forces were approximately the same with either 
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rudder and did not exceed the Unit recommended by refer- 
ence 2. However, rudder number two was about 85 percent 
lighter than rudder number one in sideslips. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Lanpley Field, Va., December 2, 1943. 
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